Although hospital work organization affects patient outcomes and in some states registered nurses (R.N.'s) are increasingly forming unions, the relationship between R.N. unions and patient outcomes has received little attention. This study examines the relationship between R.N. unionization and the mortality rate for acute myocardial infarction (AMI), or heart attack, in acute-care hospitals in California. After controlling for patient and hospital characteristics, the authors find that hospitals with unionized R.N.'s have 5.5% lower heartattack mortality than do non-union hospitals. This result remains substantively unchanged when the analysis accounts for possible selection bias-specifically, the possibility that unionized hospitals have certain important but unobservable characteristics, independent of unionization, that affect patient care.
uring a lengthy and acrimonious dispute with the Kaiser Permanente healthcare corporation, the California Nurses Association (CNA), a labor union for registered nurses (R.N.'s), mounted a public relations campaign with the message that changes in the work of R.N.'s and other healthcare workers jeopardize patient safety and negatively influence patient outcomes (Sherer 1994) . Kaiser Permanente, of course, denied the charges.
The role and image of unions for R.N.'s in California have changed in the past decade as nurses have increasingly joined unions.
1 R.N. unions have characterized changes in the healthcare sector as a threat both to their members and to the wellbeing of patients (American Organization of Nurse Executives 1994; Harris 1996; Sherer 1994 ). On October 1, 1995, the CNA severed its association with the American Nurses Association (ANA), the leading professional association for R.N.'s, which has had an ambivalent orientation regarding the unionization of nurses (California Nurse 1994; Moore 1995) . The build-up to the disassociation produced tension in the California nursing community and among nurse managers, nurse educators, and staff nurses. Although changes in the organization of healthcare are associated with patient outcomes, little evidence yet supports the spirited rhetoric of either healthcare corporations or care providers' unions about the organization of work and patient outcomes.
Other than Seago and Ash's (2002) analysis of mortality from acute myocardial infarction (AMI), or heart attack, there has been little systematic investigation of how R.N. unionization affects patient outcomes. Our earlier work on a sample of California hospitals showed that, controlling for a host of observable hospital and patient characteristics, hospitals with unionized R.N.'s have lower heart-attack mortality rates than do non-union hospitals.
Unobservable features of unionized hospitals may confound an assessment of causality in the relationship between unionization and patient health. In this study, we examine the relationship between the heartattack mortality rate and the presence of an R.N. union in the acute-care hospitals of California, and we devote special attention to the potential role of unobserved confounding factors. The data collected by Seago and Ash (2002) include both the union status of non-healthcare hospital workers and the date of any subsequent R.N. unionization for hospitals that were not unionized at the time of the study period. We use the additional data to apply specification and selection tests to the basic association. The unionization of nonhealthcare workers demonstrates the broad unionizability of the hospital but should not directly affect patient outcomes. Hospitals that are yet-to-unionize may share characteristics of currently unionized hospitals, but if the union effect is causal, they should not manifest the lower mortality of the actually unionized hospitals.
Work Organization and Productivity
Many studies show that organizational characteristics of hospitals influence patient outcomes. Showstack and others (Flood, Scott, and Ewy 1984b, 1984a; Mitchell and Shortell 1997; Showstack, Kenneth, and Garnick 1987) have found that higher patient volumes in hospitals are associated with reduced patient mortality in both medical and surgical patients. These studies conclude that patient volume is a proxy for experience or expertise of the hospital staff and care providers. In a quasiexperimental setting that controlled for hospital-patient-procedure selection, McClellan, McNeil, and Newhouse (1994) and McClellan, Henson, and Schmele (1994) found that cardiac technology was of limited value in reducing heart-attack mortality, but that the quality of care in the first 24 hours following the attack had important effects on the likelihood of death. Aiken, Smith, and Lake (1994) , Aiken and Fagin (1997) , and Aiken, Slaone, Lake, Sochalski, and Weber (1999) found that the organizational characteristics of "magnet hospitals," distinguished by good human-resource practice for R.N.'s, are related to decreased 30-day mortality rates and improved patient satisfaction. The 1 While the national R.N. union coverage rate slipped slightly over the 1990s, from about 20% to about 18% (Hirsch and Macpherson 2003) , California has had a resurgence of organizing activity; in our sample of California hospitals, unions organized at 12 hospitals and were decertified at none between 1993 . Between 1997 alone, the CNA won elections to represent R.N.'s in over 20 hospitals (Joanne Spetz, personal correspondence, September 26, 2002) .
first of those studies showed that good outcomes are not simply a matter of skill mix, measured by the ratio of R.N. hours to total nursing staff hours, but are also related to nurses' autonomy and control of practice (Aiken et al. 1994) . Aiken et al. (1999) found that a higher ratio of R.N.'s to patients is associated with reduced 30-day mortality and increased patient satisfaction. Kovner and Gergen (1998) found that, controlling for a wide variety of hospital characteristics, the number of care hours provided by R.N.'s is inversely related to adverse events following surgery, including urinary tract infection and pneumonia. Employee satisfaction is also related to positive patient outcomes (Aiken et al. 1994) .
Unions can have complex effects on health organizations and thereby affect the quality of care. We explore three avenues through which unions may affect the quality of care. Under labor law, the unionization decision of R.N.'s at a hospital designates the union as the exclusive bargaining agent for all R.N.'s at that hospital and mandates collective bargaining between the nurses' union and hospital management. The institutional arrangement of collective bargaining mandates that management and the union negotiate in good faith on a defined set of conditions and terms of employment, including wages and benefits, overtime, the work burden, and staffing levels.
The most convincing analyses of union productivity effects have examined physical output rather than value-added or other output measures, because unions may affect pricing strategies as well as physical product (Booth 1995) . In an early survey of the union effect on productivity, Freeman and Medoff (1984) found a positive association in many studies, although the case for causality was limited and the analysis was limited to goods production (construction, manufacturing, and mining). More recent studies, surveyed in Booth (1995) and Addison and Hirsch (1989) , have found differing effects across industries and depending on research design. A firm-level analysis of the cement industry found a positive union effect on productivity (Clark, cited in Booth 1995) . Register (1988) examined productivity and cost differences between union and non-union hospitals. He used data on two sets of hospitals that varied in union status: hospitals in metropolitan areas that are either overwhelmingly union or non-union; and a sample of union and non-union hospitals in Ohio. The study found both higher wages and higher productivity in union hospitals. The productivity advantage more than offset the higher wage; thus the unit labor cost was, on average, lower in union hospitals. The measure of output in the study-days of patient care stratified by intensity-was consistent with the application of the goods-production model to the provision of services.
In the context of the union productivity literature that addresses the quality of output in the public and quasi-public service sector (health, child and elder care, and education, for example), our study follows a new line of inquiry. The quality dimension of productivity is particularly important in this sector because consumers have difficulty monitoring quality and contracting on the basis of quality, and neither market nor public mechanisms may discipline bad performers. The results in these studies have varied across sectors and research designs. For example, Hoxby (1996) found that student performance, measured by high-school completion, declines in school districts undergoing unionization drives. Howes (2001) found increased patient satisfaction in home care after unionization and a large wage increase.
Wage Effects and Seniority
Research indicates that R.N. unions are associated with slightly higher R.N. wages (Hirsch and Schumacher 1995; Wilson, Hamilton, and Murphy 1990) , although Hirsch and Schumacher (1998) found smaller union wage premiums among healthcare workers than among similar workers in other industries and smaller union premiums among R.N.'s than among less-skilled health workers.
A higher wage may shock management into improving H.R. practice and other aspects of work organization (Booth 1995) . For example, a higher wage might improve the quality of the nursing staff by changing hospital hiring practices. Facing the higher wage, employers may become more selective in hiring and limit hires of nurses with the associate's degree in nursing in favor of nurses with bachelor's degrees or graduate education.
Unions typically institute seniority systems, which raise the wage and improve the working conditions of nurses with greater tenure. The literature shows some evidence that higher wages reduce nurse turnover (Aiken 1989; Spetz 1996) . Seago and Ash (2002) demonstrated that nurse turnover is lower in hospitals with R.N. unions. The higher wage for unionized nurses and the seniority system may discourage quits, leading to a nursing work force with longer tenure at the particular hospital, greater experience with the procedures of the hospital, and better capacity to meet patient needs. On the other hand, unions may offer job protection for nurses with poor work records, and this aspect of unionization would, presumably, be bad for patient outcomes. Addison and Hirsch (1989) reported that the union productivity effect is largest in industries where the union-non-union wage differential is highest. Given the historically low union premium in nursing, which our study corroborates, we might expect only a limited productivity effect. However, in recent work, Currie, Farsi, and MacLeod (2002) noted that in hospitalnurse bargaining, working conditions other than wages may be more contested. If the union effect on working conditions is large but manifests itself in ways other than an increased wage, then a substantial productivity effect would be consistent with Addison and Hirsch (1989) .
Formal and Informal Communication
The increased communication mandated by the collective bargaining process may directly facilitate the transfer of information that can reduce patient mortality. The particular contents of formal communication under collective bargaining, that is, wages and working conditions, would not seem likely to contribute directly to reduced mortality, although we do not dismiss the possibility out of hand.
The collective bargaining relationship may facilitate other formal modes of communication. Labor law forbids negotiation between management and non-union employee organizations; the reason for the provision is to prevent management from manipulating such organizations to turn them into "company unions." Employers may hesitate to form collaborative committees out of concern that establishing employee organizations without the collective-bargaining relationship would constitute a violation of labor law. Also, employees may have reservations about participating in non-union employee organizations. Thus, the collective bargaining relationship may facilitate other formal modes of communication between nurses, hospital management, and the medical staff, such as quality circles, which Baskin and Shortell (1995) , Shortell and Hull (1996) , Shortell, Jones, Rademaker, et al. (2000) , Shortell, Zazzali, Burns, et al. (2001) , and Ferlie and Shortell (2001) have identified as improving patient outcomes.
The effect of unionization on informal communication may be a more important channel for affecting quality of care. By offering protection from arbitrary dismissal or punishment and by implementing a grievance procedure, R.N. unions may limit the intensely hierarchical character of the relationship between nurses and the medical staff. The protections offered by unionization may encourage nurses to speak up in ways that improve patient outcomes but might be considered insubordinate and, hence, careerjeopardizing without union protections (Gordon, Benner, and Noddings 1996; Gordon 1998) .
The increased tenure resulting from union negotiation of higher wages and a seniority system may also improve informal communication between R.N.'s and the medical staff of the hospital. Unions may affect the organization of nursing staff or the way nursing care is delivered in a fashion that facilitates R.N.-M.D. communication. This communication exemplifies the "voice" function of unions described by Freeman and Medoff (1984) . Communication between R.N.'s and M.D.'s is under constant stress from the hierarchical character of hospital workplace relations, but the physicians and surgeons of a hospital may come to trust the opinion of a particular nurse as the nurse's judgment is borne out over years of actual experience. By increasing the tenure of nurses, nurses' unions may increase the trust between nurses and M.D.'s in a particular hospital setting.
On the other hand, unions may create an adversarial or rule-bound work environment that interferes with communication and care. There are indications in the literature that some R.N.'s view union activity as unprofessional (Breda 1997 ) and believe that managers and unions are normally adversarial (Breda 1997; Flarey, Yoder, and Barabas 1992) . Unionization is associated with declining employee morale and job satisfaction (American Organization of Nurse Executives 1994; Sherer 1994; Harper, Motwani, and Subramanian 1994) . Managers and administrators typically view union activity negatively and resist R.N. unionization. Most administrators assume that managing in a union environment makes their jobs more difficult (Harper et al. 1994; Flarey et al. 1992) .
Staffing Levels
The work burden is one of the mandated topics of collective bargaining, and staffing levels have been a particular focus of activism by R.N. unions in California. Unions may improve the quality of care by negotiating increased staffing levels, which improve patient outcomes (Kovner and Gergen 1998; Needleman, Buerhaus, Mattke, Stewart, and Zelevinsky 2002) . On the other hand, unions may raise wages to such an extent that the employer slows hiring or stops hiring nurses, adversely affecting staffing. There is some indication that unionization of hospitals is related to increasing costs (Wilson et al. 1990 ).
In summary, there is a substantial literature on patient outcomes related to hospital organizational variables, but there are unanswered questions. In our analysis, we explore the association between the presence of R.N. unions and patient outcomes. It is possible that the wage is the important factor in attracting and retaining high-quality nurses and that unions' only function is to win higher wages. In this case, the wage, not the union, would be the causal factor, and the union would be only an instrumental factor Schumacher 1995, 1998; Spetz 1996) . The situation is analogous for increased staffing as a result of collective bargaining. By controlling directly for wages and staffing, we can examine to what extent unions have an effect on care over and above their direct effect on wages and staffing. The current data will permit only limited resolution of the mechanisms by which unions affect care. Furthermore, we overlook union-effected organizational changes in hospitals that do not affect patient care.
Confounding Factors
Mortality is predicted by patient characteristics, as well as by hospital characteristics and environmental factors. We seek to determine for acute-care hospitals in California if, controlling for these factors, there is a relationship between the heart-attack mortality rate and the presence of a bargaining unit for R.N.'s.
Many complex factors determine the survival of patients suffering from heart attacks. To make our analysis useful and our estimates of the R.N.-union effect unbiased, we must consider to what extent these various factors are correlated with R.N. unionization. Because geographic regions in California are very different from each other and the presence or absence of unions within geographic areas may correlate with other regional characteristics associated with health, we control for regional characteristics as well as hospital and patient characteristics.
Patient, Hospital, and Union Selection
Patient characteristics such as sex, age, race, insurance category, risk characteristics, and illness severity are associated with adverse patient outcomes, including mortality (Aiken et al. 1999 ). Mitchell and Shortell (1997) argued that mortality rates seem to be more closely related to patient variables, while other adverse events may be a more sensitive marker of organizational variables.
Because a greater proportion of all unionized hospitals than of all non-union hospitals are in urban areas, the heart-attack patients treated in unionized hospitals are likely to differ systematically from those treated in non-union hospitals. We do not directly examine the selection of patients to union or non-union hospitals, but we surmise that patients treated in unionized hospitals have average characteristics that in some dimensions increase and in other dimensions decrease their probability of mortality. For example, patients treated in unionized hospitals are more likely to be African American (an increased risk factor for mortality) but are less likely to have had the substantial delay in treatment associated with transit time to rural hospitals (a decreased risk factor for mortality).
Our strategy for addressing the nonrandom matching of patients and hospitals is to use mortality data that have been riskadjusted for patient age, gender, type of heart attack, and chronic illnesses. By using both adjusted and raw data, we can directly test whether unionized hospitals indeed receive a nonrandom patient load and whether the patients are, on average, positively or negatively selected. Furthermore, because urban location appears to be such an obvious basis of patient selectivity, we directly include controls for the location of the hospital in a rural or urban area.
Hospital ownership and control. Arrow (1963) suggested that the not-for-profit hospital may have advantages over the forprofit hospital in meeting patient need under conditions of uncertainty in diagnosis and treatment. It is also possible that the not-for-profit organization is an easier environment for unionization, partly because management lacks strong incentives to resist it. If not-for-profit organization is associated both with improved patient outcomes and with unionization, then an analysis that fails to incorporate hospital ownership and control will spuriously associate these characteristics. We control directly for the ownership and control of hospitals by including indicator variables for public and for-profit hospitals, with not-for-profit hospitals as the excluded category.
Expensive technologies. High-value capital assets of a hospital, including sophisticated cardiac technology, may be attractive to unions as a basis for extracting union rents (payments to union labor above the competitive wage). Unions may, therefore, tend to form at these hospitals. Mitchell and Shortell (1997) and others (Hartz, Krakauer, and Kuhn 1989; Manheim, Feinglass, Shortell, and Hughes 1992) have consistently found high technology in hospitals to be related to lower mortality. In contrast, McClellan, NcNeil, and Newhouse (1994) and McClellan, Henson, and Schmele (1994) , using a quasi-experimental design, found cardiac technology to be of limited value in reducing heart-attack mortality.
If expensive technologies are both attractive to unions and useful in reducing mortality, a naïve analysis would spuriously find unions associated with reduced mortality. We have a three-fold strategy for addressing this problem. First, we directly control for the presence of expensive cardiac technologies using several measures of these technologies described below. Second, we test how the presence of nonhealthcare bargaining units at the hospital, such as unionized engineers and food service workers, affects the mortality outcome. Unions of non-healthcare workers would have the capacity to reap the same rents created by the presence of these expensive technologies, but we expect them to have no effect on mortality. If our analysis finds an effect of nonhealthcare unions on mortality, then the union effect is likely spurious.
Last, in addition to union status in the outcome-measurement period (1991-93), we also observe whether hospitals not unionized as of 1991-93 subsequently unionized over the period 1993 to 1998. Hospitals that subsequently unionized are comparable in their characteristics to hospitals that had already unionized. If our analysis shows an effect of subsequent unionization on the earlier mortality outcome, then the association of the effect with unionization is spurious.
Other sources of rent. When certain diseases and medical and surgical procedures are involved, higher volumes of patients treated at the hospital have been shown to improve patient outcomes (Flood et al. 1984b; Luft and Romano 1993; Showstack et al. 1987 ). Hospitals with more than 100 beds have better patient outcomes than hospitals with 100 or fewer beds (Luft and Romano 1993; Grumbach et al. 1995; Phillips, Luft, and Ritchie 1995) . Again, these larger, high-volume hospitals may be a source of rents for organized labor at the hospital, and the same spurious correlation may appear. Our strategy in this case is similar to our strategy for addressing the spurious correlation with high-tech apparatus: we directly control for hospital size and volume of activity, and we use nonhealthcare unions and future unionizers as specification tests.
Just as unions may extract rents for their members from the capital stock of a hospital, so too they can extract rents from the human capital stock of other persons working at the hospital. R.N. unions may therefore be attracted to hospitals that have strong prospects of yielding these humancapital rents, such as teaching hospitals or hospitals with many or highly skilled M.D.'s. There are studies indicating that increased R.N. hours, increased M.D.'s, and increased total staff hours have a positive impact on patient outcomes (Shortell et al. 1994; Zimmerman et al. 1991; Zimmerman et al. 1994 ). Again we control directly for human capital characteristics of the medical and care staff of the hospital, and we use non-healthcare unions and future unionizers to test for spurious association.
Adversarial industrial relations.
Adversarial industrial relations may be a cause of unionization rather than an effect. As noted above, employee satisfaction is related to positive patient outcomes (Aiken et al. 1994) . If adversarial industrial relations and diminished employee satisfaction cause both unionization and worsened patient outcomes, then our analysis might spuriously associate the union with worsened patient outcomes. Because we have no direct measure of already existing adversarial industrial relations, the measured effect of R.N. unions on patient outcomes will be inclusive of already existing adversarial industrial relations and, hence, biased toward finding that unions are bad for patient outcomes.
2 To the extent that the presence of non-healthcare unions or of future unionizers is a marker for adversarial industrial relations at the hospital, we will address the issue through the identification strategy we have described.
Labor relations are frequently most adversarial in the period immediately after unionization (and they often calm down with the settlement of the first contract). In addition to union status in the outcomemeasurement period (1991-93), we observe the date of unionization, enabling us to distinguish between hospitals with recently formed unions (after 1987) and long-standing unions (unionized before or by 1987). We run additional specifications of the model with indicator variables entered separately for hospitals in these two categories. The test of the effect of adversarial relations in a unionized setting is carried out by examining the coefficients on both indicator variables.
Methods
The outcome measure is the risk-adjusted heart-attack mortality rate for the hospital, a measure described in more detail below. Because hospital mortality can be a function of many factors other than whether hospital nurses are unionized, we estimate multivariate regression models to control for these other characteristics. After we explored descriptive statistics stratified by union status, we used a multivariate regression model to test the statistical significance of the variable of interest in the presence of covariates.
Sample
Our analysis includes all acute-care hospitals in California. 4 California was selected because (1) it has risk-adjustment mortality data for AMI, a common Diagnostic-Related Group; (2) Californian hospitals vary in union status; and (3) the investigators are familiar with the healthcare system of the state and associated databases. We made a determined effort to contact every acute care hospital in California, although non-response is potentially nonrandom. Inclusion criteria were all (non-Federal) acute care hospitals in the state of California that reported discharge data in the 1991-93 California Office of Statewide Health Planning and Development (OSHPD) Hospital Disclosure database. We excluded children's hospitals, psychiatric hospitals, rehabilitation hospitals, and longterm care hospitals, because there are too few specialty hospitals in the state to make an adequate comparison. All the Kaiser Foundation hospitals (24 hospitals, with all R.N.'s represented by unions) were excluded because state law exempts them from reporting Hospital Disclosure (financial and accounting) data to OSHPD.
Mortality, Union Status, and Confounding Variables
The dependent variable is the risk-adjusted 30-day AMI mortality rate for the hospital. The risk-adjusted mortality rate at the hospital level was developed in the California Hospital Outcomes Project (CHOP) for the years 1991-93 Romano, Luft, Rainwater, and Zach 1997; OSHPD 1997) . 5 The risk-adjustment model used in the CHOP study accounts for the following patient characteristics: age; sex; type of heart attack; and chronic diseases (specifically, congestive heart failure, central nervous system disease, renal failure, diabetes, malignant neoplasm, hypertension, previous coronary artery bypass graft surgery, thyroid disease) that were present on admission to the hospital Romano, Luft, Rainwater, and Zach 1997) . The CHOP study implements a model of patient mortality at the patient level controlling for patient characteristics and including hospital fixed effects. CHOP (cautiously) reports the hospital fixed-effect as a measure of hospital performance. In most specifications, our analysis uses the hospital-level hospital fixed effects as the dependent variable. In one specification, we use the raw AMI mortality rate for each hospital as an alternative dependent variable in order to explore the effect of the risk-adjustment. All variation is at the hospital level.
We pool outcome data from the three study years to reduce measurement error in 4 A power analysis indicated that a multiple linear regression model including 16 covariates and one predictor (union versus non-union) with a sample size of 236 would have 80% power to detect a squared multiple correlation (R 2 ) of 0.08 at α < 0.05. Our sample of approximately 350 hospitals should therefore be adequate for inference. 5 Because the outcome variable is a rate between zero and 100%, a logistic regression may be more appropriate. On the other hand, the simple linear regression offers the benefit of easy interpretation of the coefficients. We re-estimated all models with the logistic specification, that is, ln(MR/(1-MR)) as the dependent variable, where MR is the mortality rate. The signs and statistical significance of the results were identical. the outcome variable, although we examined unpooled variants. An important concern is that mortality rates may not reliably reflect quality in hospitals with very small numbers of cases. Table 1 , which shows correlation matrices for risk-adjusted mortality rates across years stratified by the number of cases, demonstrates the problem. The median hospital had a three-year average of 51 or more heart-attack cases per year. The cross-year correlation of riskadjusted mortality for hospitals that had 51 or more cases per year was statistically significant (Table 1 , Panel A). The cross-year correlation of risk-adjusted mortality of hospitals that had fewer than 51 cases per year is small and not statistically significant (Panel B). Hospitals with lower numbers of cases produce less reliable measures of riskadjusted mortality; the risk-adjusted mortality in one year is a poor estimate of the risk-adjusted mortality in another year.
In all models and in the summary statistics, the data are weighted by the number of heart-attack cases, because hospitals with higher numbers of cases have lower variance estimates of risk-adjusted mortality. Although the risk-adjusted mortality numbers were unbiased for all hospitals, the lower variance estimates are closer to a true measure of hospital quality. Specifically, the mortality rate is a more accurate measure of quality for hospitals with more cases. The approach is analogous to treating the data as if they were patient-based rather than hospital-based with hospital-wide values assigned to all patients at the hospital. Because we use the risk-adjusted outcome data and weight the analysis by caseload, our analysis is similar in interpretation to a patient-level analysis clustered by hospital.
The key independent variable is R.N. union status. We ascertained union status first by exploring the web pages of hospitals and government agencies (for example, National Labor Relations Board). We then called R.N. union offices, hospital personnel offices, and hospital nursing offices between December 1998 and April 1999. The telephone survey questions asked about the presence or absence of an R.N. union, the name of the union, the presence or absence of unions for other employees in the hospital, the names of all the other unions, and when all unions were formed.
Most of the additional variables on hospitals come from OSHPD Hospital Disclosure Reports. These data are collected annually from all hospitals in the state and include information about service provision, finances, and resource use. The database also includes information about capital acquisition, labor staffing, and the provision of medical care in each revenue unit of the hospital. The reported and derived variables include the number of hospital beds and discharges from nursing units that care for cardiac-related patients, specifically medical-and-surgical intensive care units, coronary care units, other intensive care units, and acute medical-and-surgical nursing units; a technology index derived from a principal components factor analysis of all the cardiac specialty services; availability of providers, specifically, R.N. hours, total staff hours, and the number of active medical staff with clinical specialties in any cardiovascular specialty, internal medicine, or therapeutic radiology; and the average wage of R.N.'s adjusted for the local area cost of living ( Table 2) .
The last of those variables was computed as follows. The average hourly wage was computed for R.N.'s in hospital units associated with heart attacks: medical-and-sur- gical intensive care; coronary care; other intensive care; and medical-and-surgical acute units. The hospital average wage was regressed on a set of dummy variables for each Health Service Area (HSA), 6 and then residuals from the regression were used as the wage index variable in the final models. The measure indicates how much the hospital's wage for R.N.'s in heart care exceeds that of other hospitals in the HSA. The within-HSA wage residual was used as the wage index to control for price and amenity differences across HSA's, and is, hence, analogous to an opportunity-wage index. 7 Alternative specifications using the (Grumbach et al. 2001 ). California has 58 counties and 14 federally designated HSA's. 7 We thank an anonymous referee for this helpful observation.
nominal hospital wage or the hospital wage relative to per capita county income yielded similar results.
The cardiac-technology index is derived from a principal components analysis of all the cardiac specialty services (coronary intensive care unit, cardiac catheterization, echocardiology lab, heart surgery services, open heart surgery services, mobile cardiac care, and cardiac clinic). It replaces all the cardiac service variables. The advantage of the cardiac technology index over individual dummy variables is a reduction in dimensionality that increases the adjusted R-squared. The key results with the cardiac specialty services included separately are very similar to those with the index and are available from the authors. See Table 2 for variable definitions and data sources.
Based on the conceptual grouping of variables, several regression specifications were estimated. All the models include the R.N. union variable as a predictor, because it is the variable of interest. The first specification examines the bivariate relationship between mortality and union status. The second specification includes all of the confounding factors discussed above, including volume (hospital size classes by number of beds and cardiac-related hospital discharges), staff hours per cardiac discharge, the number of M.D.'s per cardiacrelated discharge, an indicator for teaching hospital, the cardiac-technology index, and hospital-location variables. Specifications 3, 4, and 5 add the local area wage premium and R.N. hours per cardiac-related discharge, variables that are themselves likely affected by unionization. Hence, specification 5 examines the effect of unionization over and above its effect on both of these specific outcomes of collective bargaining.
Results
Of the 385 eligible acute care hospitals during the sample period, we obtained complete data on 344. Summary statistics for R.N.-union and R.N.-non-union hospitals are reported in Table 3 . As of 1993, 27% of the California hospitals in our sample had R.N. unions. 8 Smaller and non-metropolitan hospitals are less likely to be unionized. Union hospitals have more cardiac-related discharges, more M.D.'s per cardiac-related discharge, and more complex technology, specifically heart surgery services and open heart surgery. Union hospitals also pay somewhat higher R.N. hourly wages, both in absolute terms and relative to non-union hospitals in the same market. Consistent with the findings in Hirsch and Schumacher (1998), we find a fairly small pay premium, well under 10% within local markets. Unionized hospitals apply slightly fewer R.N. hours and slightly more non-R.N. hours to the average case. We report five specifications for the regression analysis in Table  4 .
Union results. The most interesting finding is a statistically significant association between the presence of an R.N. union and lower risk-adjusted heart-attack mortality in all specifications. In Specification 1 of Table 4 , the bivariate regression with no controls for confounding factors, the presence of a nurse's union is associated with a 1.0 percentage point reduction in AMI mortality. The average heart-attack mortality in our sample is 14.6%; so the presence of a nurse's union is associated a 6.8% reduction in mortality. The adjusted Rsquared for the regression is 0.02.
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Column (2), the estimation with full controls, is our preferred specification for estimating the effect of R.N. unions on heart-8 A referee notes that the union coverage rate for R.N.'s in California in Current Population Survey data is approximately 40%; including the Kaiser hospitals and weighting by R.N. hours, we find 42% coverage.
9 Although state law exempts the Kaiser hospitals from the Annual Hospital Disclosure Report, they do report mortality data, and we collected the unionization data as well. The risk-adjusted mortality at Kaiser hospitals is 13.7%, with a standard deviation of 2.8 percentage points, compared to a state mean of 14.6% with a standard deviation of 3.1 percentage points. We estimated a variant of the bivariate regression specified in column (1) of Table 4 including the Kaiser hospitals in the sample, and the coefficient on R.N. unionization was slightly higher (-1.2) with a similar standard error (-0.31).
attack mortality. When we introduce the full set of controls for confounding factors in Specification 2, the adjusted R-squared increases to 0.10, and the presence of an R.N. union is associated with a 0.84 percentage point, or 5.8%, reduction in mortality. That is, the full set of independent variables reduces the estimated coefficient on R.N. union by approximately one-fifth, and the coefficient remains highly significant, with a standard error of 0.35 and a pvalue of 0.02.
We introduce R.N. hours per related discharge in Specification 3, introduce the wage expressed as the within-HSA premium in Specification 4, and include both vari- ables in Specification 5; the logic of their inclusion is that they are likely to be affected by R.N. unionization. Neither variable has a statistically significant coefficient, although both terms have negative point estimates, suggesting that a higher wage and more R.N. hours are both associated with decreased AMI mortality. The adjusted R-squared does not exceed that of the preferred specification for any of these variants. At the point estimates for wage, the implication is that paying a ten-dollarper-hour premium above the HSA average would reduce mortality by about 0.7 percentage point. At the point estimate for R.N. hours, the implication is that increasing R.N. hours by about 5 hours (16%) per AMI-related discharge would reduce mortality by about 0.1 percentage point. Furthermore, neither the inclusion of R.N. wage nor that of R.N. hours substantially affects the coefficient on R.N. union, which falls only slightly in magnitude, from -0.84 to -0.76, with their joint inclusion in Specification 5. The estimate of the union effect on mortality through changes in nurse quality and communication, over and above the effect of unionization through its effect on wages and hours, remains at roughly 0.8 percentage point, or 5.5%. Thus, the union has an effect beyond simple increases in wage and simple increases in R.N. hours.
Adversarial industrial relations.
To test the hypothesis that adversarial industrial relations around a unionization process may cause higher mortality, even if the presence of a union is ultimately beneficial, we examine the difference in patient outcomes between hospitals that have recently undergone unionization and those with longstanding unions. Of hospitals with unionized R.N.'s in 1993, Table 3 shows that 9% had unionized since 1987.
Hospitals that organized between 1988 and 1993 actually have a positive, but small and statistically insignificant, association with mortality, which indicates that they are indistinguishable from non-unionized hospitals. Hospitals with long-standing R.N. unions, those organized by 1987, have lower mortality: the point estimate increases in magnitude from -0.84 for all R.N.-unionized hospitals to -0.96 for long-standing R.N.-unionized hospitals.
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These results suggest possible explanations that warrant further investigation if the basic union result proves to be causal. First, the very process of unionization may generate adversarial industrial relations that prevent the immediate realization of the care-quality improvements possibly associated with the presence of unions. Second, adversarial industrial relations may both adversely affect patient outcomes and induce unionization. Third, the benefits of unionization may only arrive after reorganization of the work process, that is, after the implementation of selection, communication, and retention policies and processes that we describe above. The current data do not permit discrimination among these theories, but the difference in care outcomes between hospitals that have recently unionized and those with long-standing unions is intriguing.
Other results. Few other variables are significant at conventional levels in the specifications reported in Table 4 . Consistent with past studies, we find that hospitals with higher volume, that is, more cardiacrelated discharges, have lower mortality rates. The presence of more cardiac services, as measured by the technology index, is significantly related to lower mortality rates (p < 0.01), although in the specification with all of the individual specialty services entered separately, no one service was significantly different from zero. A one standard-deviation increase in the index is associated with a reduction in mortality of about 0.9 percentage point. Larger hospitals (those with more than 300 beds) and smaller hospitals (those with 100 or fewer beds) had point estimates of lower mortality than did mid-range hospitals, although the result was not statistically significant. For-profit hospitals had a higher mortality rate than did public and nonprofit hospitals, and the result was significantly different from zero in some specifications. Additional M.D.'s per cardiac discharge was associated with reduced AMI mortality, although again the effect was not statistically significant.
The explanatory power of these regressions is, in general, low. In no case does the adjusted R-squared value exceed 0.11. The standard deviation of the mortality rate is approximately 3 percentage points (Table  3) . Even assuming no correlation between the variables, the combined effect of R.N. unionization (accounting for -0.8 percentage point) and a one standard-deviation increase in the technology index (accounting for -0.9 percentage point) would decrease mortality by 1.7 percentage points, only slightly more than one-half of a standard deviation. Heart-attack mortality has high random variation even after we adjust extensively for patient risk and hospital characteristics.
Specification-Test and Selection Results

Patient characteristics and risk adjustment.
We first examine the effect of risk adjustment on the results by using raw rather than adjusted mortality as the dependent variable. In column (1) of Table 5 , we use the same preferred set of regressors as in Specification 2 of Table 4 , but we use nonadjusted, rather than risk-adjusted, heartattack mortality as the dependent variable. The estimated coefficient on R.N. union with the unadjusted mortality data is -0.15, and the estimate is not statistically significant. The difference means that unionized hospitals receive a caseload substantially more at risk of death than do non-unionized hospitals. Failure to risk-adjust would have meant incorrectly attributing the higher mortality at unionized hospitals to their unionized status rather than to their more difficult caseload.
In the specification with raw, non-adjusted mortality as the dependent variable, the coefficient on the cardiac technology index is -1.83, nearly twice as large as in the equivalent regression with adjusted mortality. The difference is statistically significant. This result suggests that hospitals with extensive cardiac technology treat patients less at-risk of death, and failure to risk-adjust the data would lead to an overestimate of the effectiveness of the technology.
The R-squared for this regression is 0.16, by far the highest in the study. The nonrandom character of patient-hospital assignment accounts for the difference in explanatory power between the adjusted and non-adjusted regressions.
Non-healthcare unions. As we indicated in our discussion of methods, we are worried about the interpretation of causality in our analysis. Our proposed remedy is to examine the "effect" on mortality of nonhealthcare unions at the hospital. To the extent that non-healthcare unions are associated with reduced heart-attack mortality, we may be concerned that the relationship between unionization and mortality is spurious, caused by some third factor, for example, high-tech capital, which both reduces mortality and attracts unionization. As shown in Table 3 , in hospitals with R.N. unions, the non-healthcare unionization rate is 59%. Of hospitals without R.N. unions, only 3% have unionized nonhealthcare workers. Identification relies heavily on the hospitals with R.N. unions but without non-healthcare unions, a substantial sample.
The specification test is to include the presence of a non-healthcare union and to exclude the presence of an R.N. union, with all the other covariates from Specification 2, that is, the preferred specification. The hypothesis that R.N. unions indeed affect mortality suggests that the equation is misspecified, but the relatively high correlation of 0.70 between R.N. and nonhealthcare unions will attribute some of the R.N. union effect to the non-healthcare union. The results are reported in column (2) of Table 5 . When the non-healthcare union indicator is included instead of the R.N. union indicator, the coefficient is a statistically insignificant -0.5, with a standard error of 0.4. In column (3), where we exclude from the regression hospitals that have R.N. unions and compare mortality at hospitals with and without non-healthcare unions, we find that unionized hospitals have lower mortality, with a point estimate of -0.72, but the estimate is far from statistically significant, with a standard error of 1.23. On balance, these results suggest that R.N. unions, rather than hospital unionizability, are associated with the reduction in AMI mortality.
An alternative approach is an attempt to control for factors that may both cause union selection and affect patient outcomes. For this test, we include both the R.N. union indicator and the nonhealthcare union indicator. The resulting coefficient on non-healthcare union, reported in column (4) of Table 5 , is a positive but statistically insignificant 0.4, and the coefficient on R.N. union is statistically significant and actually increases slightly in (2)- (6) is the risk-adjusted hospital AMI mortality rate, 1991-93. Regressions are weighted by the number of AMI cases at each hospital. Standard errors in parentheses.
*Statistically significant at the .10 level; **at the .05 level; ***at the .01 level.
magnitude to -0.89. Again, the specification test provides evidence for the hypothesis that R.N. unions indeed have a causal association with reduced AMI mortality. The results of the specification tests are essentially unchanged when we repeat the exercise with the inclusion of an additional indicator for unionized licensed vocational nurses (L.V.N.'s) and nurses' aides. Our next test is to apply the Heckman two-step selection correction to control for nonrandom selection of hospital union sta-tus. Although no exclusion restriction is computationally necessary to estimate the Heckman method, we propose the presence of a non-healthcare union as an appropriate excluded variable. 11 In the first stage, we estimate a probit for the presence of an R.N. union at the hospital, including all of the variables in our preferred specification as well as the presence of a nonhealthcare union. The only statistically significant variables in the first stage are the presence of a non-healthcare union, with a large coefficient and a p-value below 0.0001, and public ownership of the hospital, with a p-value of 0.04. 12 The low levels of statistical significance of other variables in the estimation suggest that union and non-union hospitals do not differ substantially in the observables. In the secondstage OLS estimation, we include the inverse Mill's ratio computed from the probit results to capture features of the hospital that are correlated both with propensity to unionize and potentially with patient outcomes. The results are reported in column (5) of Table 5 . The coefficient on the inverse Mill's ratio is small and far from statistical significance, suggesting a small role for nonrandom hospital-union selection correlated with patient outcomes. The coefficient on R.N. union remains negative and stable at -0.74, but it is no longer statistically significant, having a standard error of 0.61. Increases in standard error are endemic in two-stage methods such as the Heckman selection correction, and thus the result adds only weak evidence for the relationship between the presence of an R.N. union and reduced heartattack mortality.
Future unionizers. An alternative approach to the specification tests and selection corrections based on non-healthcare unions is to examine hospitals in which the R.N.'s were not unionized during the study period but subsequently did unionize. As Table 3 shows, 12 hospitals, or about 5% of hospitals that did not have R.N. unions in 1993, unionized over the 1993-98 period. We use the same specification test approach, that is, including future unionizers instead of the currently unionized, and excluding the currently unionized from the analysis.
In most dimensions, the average characteristics of the future unionizers are between those of the currently unionized hospitals and the never-unionized hospitals. Future unionizers do broadly resemble the currently unionized hospitals. Among the characteristics examined in Table 3 , we can reject at the 5% level the hypothesis that future unionizers and currently unionized hospitals have equal mean characteristics in 1993 only for three variables: the presence of non-healthcare unions (currently unionized hospitals have more), the absolute wage rate (currently unionized hospitals pay more), and ownership and control (future unionizers are more likely to be not-for-profit and less likely to be public).
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When future unionizers are included instead of the currently unionized, the estimated effect of -1.0 percentage point, reported in column (6) of Table 5 , is negative and of the same magnitude as that on currently unionized, but the coefficient falls far short of statistical significance at conventional levels. The standard error is 0.86 and the p-value is 0.23. The high and negative, albeit statistically insignificant, coefficient on future unionizers leaves concern that union-hospital selection contaminates the causal interpretation of the results. Because the number of future unionizers is small, the test has low power 11 We have a rare instance of an appropriate exclusion restriction for the first-stage probit of the Heckman selection correction, which is not an appropriate instrument for 2SLS. The presence of nonhealthcare unions is inappropriate for 2SLS; we argue that the presence of a non-healthcare union is correlated with the unobservable features of a hospital that make it both high-quality with respect to patient outcomes and a likely candidate for unionization. 12 Other results of the probit are available from the authors.
More details of the comparison among currently unionized, never-unionized, and yet-to-unionize hospitals are available from the authors.
in distinguishing between the alternative hypotheses.
One possible interpretation is that future unionizers vary in their practices such that some of them, even before unionization, achieve the reduced mortality rates of which they are capable. The high, negative, and statistically significant coefficient on the currently unionized suggests that R.N. unions help to implement the improved practices.
Regional variation in union status and outcomes. It is possible that union status is highly correlated with features of the geographic area that influence patient outcomes, regardless of whether the hospital has an R.N. union. For example, union density-the number of union hospitals divided by total hospitals in the area-is much higher in the San Francisco Bay Area (from 65% to 95%) than in other parts of California (from 10% to 60%).
To test the robustness of the model, we excluded from our sample the 33 hospitals in the San Francisco Bay Area.
14 The coefficient on R.N. union remains stable and significant at -0.86 (0.40). We tested an additional specification with the full sample and an indicator variable for the San Francisco Bay Area; the coefficient on R.N. union again remains stable and nearly statistically significant at -0.73 (0.38). We also estimated the model with fixed effects for each of California's 14 Health Service Areas to examine the effect of within-HSA variation in union status on within-HSA differences in the outcome. This allows for comparing union and non-union hospitals within each HSA. Using the HSA indicator reduces the variation in the explanatory variables, in particular in R.N.-union status, and so the effects may become harder to observe. In the HSA fixed-effect model, the coefficient remains negative at -0.45, but it ceases to be statistically significant (p-value of 0.43) and the effect is somewhat diminished. We note that the adjusted R-squared for the HSA fixed-effect regression does not increase relative to the model without HSA fixed effects; the addition of the fixed effects fails to increase the explained variation.
Do R.N. Unions Cause Lower Heart-Attack Mortality?
The key issue for the study is causation. Findings from the study do not rule out the nonrandom selection hypothesis regarding the presence of unions, and this limits the causal interpretation of these results. Our analyses, which examine the association between unions and patient outcomes, may be confounded by several factors, all of which involve nonrandom selection of the union status of hospitals. The direction of bias might go in either direction. For example, unions may be easier to establish in high-quality hospitals, perhaps because these hospitals have the capacity to pay premium wages or otherwise to offer more attractive working conditions. In this case, unions do not cause good outcomes but rather select hospitals with good outcomes. On the other hand, the reverse may be true: unions may thrive in hospitals that have poor outcomes, possibly because morale is low. In the latter case, a correlative analysis would associate unions with bad outcomes, although again the relationship is not causal. In either case, the observed correlation is a biased estimate of a causal relationship, and we have no a priori means of determining the direction of bias.
Although the use of instrumental variables techniques would be an attractive econometric solution to this problem, we could not identify suitable instrumental variables. Therefore, we have relied on specification tests to identify spurious relationships and the Heckman method to correct for nonrandom union selection. Because of the small number of hospitals in the proposed counterfactual group, no single test is of high power. Yet the result proves robust with respect to both the non- 14 The San Francisco Bay Area includes Marin, San Francisco, Contra Costa, Alameda, and San Mateo Counties. We thank an anonymous referee for suggesting this approach to reconcile the strong results without area effects and the null result in the HSA fixed-effect specification.
healthcare union approach and the futureunionizers approach. Our results demonstrate that there is a positive relationship between patient outcomes and R.N. unions. The tests are independent and support the basic result: the presence of an R.N. union is associated with a reduction in mortality of about 0.8 percentage point, or 5.5%, even after we control for hospital characteristics and make our best effort to control for union-hospital selection.
We finally consider the possibility that existing employee discontent will both affect patient outcomes (American Association of Nurse Executives 1994; Sherer 1994; Aiken et al. 1994; Wilson et al. 1990 ) and spur unionization. Although the argument has merit, we were unable to obtain data specifically related to union activity, so we were unable to address this problem. This problem would tend to bias the results toward a finding that unionization is bad for patient outcomes, which suggests that our result in the opposite direction may be underestimated. Our results on long-standing versus recent R.N. unions suggest that the hypothesis of already existing adversarial relations may apply.
The mechanism by which unions affect patient outcomes demands further explanation, and the type of data employed in this study cannot shed light on the specifics of the work process. However, we do observe that the relationship persists even when we control for the wage and hour changes that unions may cause. We need to explore further the relationship between unions and patient outcomes, including a richer analysis of causality in the relationship and more detailed examination of the mechanisms at work. Our findings indicate that some feature of the work environment in union hospitals, beyond wages and number of hours, predicts better outcomes. We have yet to examine the type of nursing care delivery system, skill mix and tenure among R.N.'s, and specific institutions that facilitate communication. Perhaps having an R.N. union promotes stability in staff, autonomy, collaboration with M.D.'s, and control of practice decisions that have a positive influence on patient outcomes. Accounting for union status is important when examining organizational factors that influence patient outcomes.
Our findings have implications for the operation of hospitals, organizations whose governance and goals are of a mixed public-private character. The implications therefore lie somewhere between recommendations for public policy and suggestions for private, human-resource management. Hospitals with non-unionized R.N.'s may consider facilitation of, or at least employer neutrality in, R.N. efforts to unionize. Hospitals both with and without unionized R.N.'s may want to identify which of the workplace practices in unionized hospitals affect patient outcomes and encourage those practices that improve patient outcomes. Recall that the net favorable R.N.-union effect we identified is potentially an amalgam of outcome-improving practices (retention, quality-selection, and communication) and outcome-harming practices (adversarial workplace relations and personnel budget-squeeze). The net favorable R.N.-union effect that we measure may not represent the theoretical best-practice. Further research may help determine which clinical practices by nurses save lives and which mechanisms in unionized hospitals support such life-saving practices.
